Management of thoracolumbar fractures remains controversial in the literature. The primary aims of this study were to assess different levels of fixation with respect to radiological outcomes in terms of fracture reduction and future loss of correction.
Introduction
The majority of vertebral fractures in the axial skeleton occur in the thoracolumbar spine. 1 The thoracolumbar area is the transition of the rigid thoracic spine into the mobile lumbar spine and it is considered biomechanically the weakest part of the spine. This characteristic makes it vulnerable to increased stresses and injuries. [1] [2] [3] Thoracolumbar injuries are usually the result of high energy trauma like motor vehicle accidents or falls from a height. 1 Numerous thoracolumbar fracture classifications have been proposed that aim to help in diagnosis, guide treatment and help with communication. Amongst the most significant are the ones proposed by Dennis, Magerl, the Thoracolumbar Injury Classification System (TLICS) by Vaccaro and the AOSpine Thoracolumbar spine injury classification system by Vaccaro. 4-7 The Denis classification system introduced a modern concept on spinal stability, the 3-column theory. CT and MRI scans later revealed a more complex stability mechanism and rendered the Denis Classification as an incomplete model however it is still thought to have some use in modern practice. The latest AOSpine Thoracolumbar spine injury classification system (Table 1) combines the strengths of the Magerl and TLICS in terms of mor-phologic classification. 1, 8 Management of thoracolumbar fractures remains controversial. The goals of treatment in thoracolumbar fractures is to achieve a painless, stable spine with normal neurology and maximum mobility, which is well balanced in the sagittal plane in order to have an ergonomic stance. 1, 2, 9, 10 The treatment of thoracolumbar fractures can be either conservative or surgical. In the majority of cases the outcomes of conservative management satisfy patient and doctors expectations. Surgical management in thoracolumbar fractures can be warranted in unstable fractures and those associated with neurologic deficit. In the surgical group the approaches that can be used are anterior surgery, posterior surgery and combination of anterior and posterior surgery. There is extensive literature on different surgical techniques for reduction and stabilization of the fractures but no consensus on the ideal treatment. Finally the expertise and preference of the surgeon is an important factor on the decision of which technique to use. 1, 10, 11 Indications for surgical interventions are not clear and are mostly influenced by surgeons preference however in our institution general indications for surgery as per AO classification 
are:
• A1, A2 fractures when the compression is more than 50% and depending on the state of the posterior ligamentous complex • A3, A4 fractures depending on the fracture configuration • B and C fractures are unstable hence operative management is mainstay In posterior spinal fixations transpedicular screws are inserted above and below the fractured level to achieve reduction and control segmental kyphosis. The number of fixation levels above and below the fracture is still contentious in the literature. 12 The results in terms of fracture reduction and long term control of the kyphosis are debatable. 13, 14 General surgical approach either minimally invasive surgery (MIS) or an open approach was down to surgeons approach. However in our institution we favor open approach if there is neurological deficit or neural element compression.
The aim of this study is to determine if there is any difference in radiological outcomes between different levels of fixation for thoracolumbar fractures.
The secondary aims that were investigated include:
1. Mechanism of injury (MOI) and its association with neurological deficit. 2. MOI and its association with the type of fracture. 3. To assess if insertion of screws at the fracture site affects fracture reduction and maintenance of correction.
Metal work complications.

Methodology Study Design
This study was designed as a single center retrospective study. The purpose was to evaluate the levels of fixation and techniques used in the management of thoracolumbar fractures with respect to radiological outcomes. Fracture reduction, was assessed by comparing the Cobb angle at the fracture level preoperatively and immediately postoperatively. The loss of correction was assessed by comparing the Cobb angle immediately postoperatively, 6 and 12 months after. The Cobb angle was measured from the superior endplate of the vertebrae above the fracture level to the inferior endplate of the vertebrae below the fracture level by one orthopaedic surgeon from a mixture of both x-rays and CT scans, pre and post operatively in supine and standing positions respectively ( Figure  1 ).
Inclusion criteria included: skeletally mature patients with no age restriction, no gender restriction, presence of a thoracolumbar fracture (T10-L2), surgical management and follow up of at least 6 months.
All spinal trauma patients admitted to a Major Trauma Centre between January 2012 and December 2015 were identified retrospectively using the ICD-10 Diagnosis codes from the Business Analyst Unit of the trust. The patient list was categorized by the ICD-10 codes into Cervical, Thoracic and Lumbar fractures. A picture archiving and communication system (PACS) was used to identify thoracolumbar fractures. The cohort was subsequently divided into 3 groups according to the levels of posterior fixation. These were fixations extending 1 vertebra above and 1 vertebra below the fracture (1/1), fixations extending 2 vertebrae above and 2 vertebrae below the fracture (2/2), and fixations extending 2 vertebrae above and 1 below the fracture (2/1). 64% of patients were treated with an MIS and 36% were open approaches.
Data extracted were patient demographics (age, gender), MOI, neurologic status, fracture and fixation levels, length of hospitalization and metal work complications. The cases that had insertion of a screw at the fracture level were recorded. Radiographs were processed with PACS and used to measure the fracture reduction and loss of correction. Fractures were classified according to the AOSpine Thoracolumbar spine injury classification system (A.1). All data were entered into a Microsoft Excel spreadsheet.
Statistical Analysis
The analysis of the data was made with the statistical software for data analysis SPSS Statistics version 22.0. The variables normal distribution was checked and confirmed by the Shapiro-Wilk test. Descriptive statistics were used to illustrate the measures on every metric while inferential statistics were used to identify any relationship between the different variables and answer on the research questions. The chisquare test was used to assess the association of the MOI with the type of fracture and the neurologic deficit. The ANOVA test was used to compare the posterior fixation methods in the group of 2/2 vs. 2/1 vs. 1/1. The independent T-Test was used to compare the levels of fixation in pairs of 2,, as well as to compare the Open vs. MIS technique and to investigate if the insertion of screw at the fracture level affects the radiological outcomes. For all statistical tests, the level of significance was set at p< 0.05. The MOI and its association with neurological deficit and the type of fracture were investigated. It was found that there is no relationship with either neurologic deficit (p: 0.603) or type of fracture (p: 0.955). There was 1 metal work failure at the fixation level of 1/1. 55 patients were included in the 3 groups of fixation levels (1/1 n=30, 2/2 n=9, 2/1 n=16). All surgeries were performed by two surgeons (AM and AR).
Results
Reduction of the fracture (Table 3) was assessed by comparing the preoperative and postoperative segmental kyphosis. The results showed that the best reduction was achieved by the 2/2 fixation (mean correction 11.7°) and the worst by the 1/1 fixation (mean correction 6°) but there was no statistical significance when we compared 2/2 vs. 2/1 vs. 1/1 together (p: 0.119). However comparison of 2/2 to 1/1 showed that the 2/2 fixation had a significant better result (p: 0.016) on reduction of the fracture. Looking at the Open (mean correction 8.5°) Vs MIS (mean correction 6.5°) technique on fracture reduction there was no significant difference between the two techniques (p:0.330) but the open technique achieved a better reduction in our study group.
The loss of correction (Table 3 ) was significantly greater in patients who underwent fixation with 2/1 (mean: 2.6°) and 1/1 (mean: 6.4°) constructs compared with 2/2 (mean: 0.1°) construct at six months (p:0.034). At 12 months the loss of correction was not statistically significant (p: 0.793) but the 2/2 construct continues to have the smallest loss of correc- Table 2 . Fracture Classification According to AOSpine Thoracolumbar Spine Injury. 
Discussion
This study included 55 patients. The most common mechanism of injury was high fall injury while the vertebrae most involved were L1 followed by T12. Burst fractures were the type of injury with the highest frequency. 9 fractures were associated with neurologic deficit.
Comparing the radiological outcomes (Table 3 ) associated with the levels of fixation, the results show that the best reduction was achieved by the 2/2 and the worst by the 1/1 construct but there was no statistical significance between the 3 fixations. In terms of loss of correction the 2/2 construct maintains correction better than the 1/1 and 2/1. At 6 months this difference is significant but at 12 months there is no statistical significance.
As per the results there was no correlation between the mechanism of injury with neurologic deficit or the type of fracture. Insertion of screws at the fracture level did not improve the reduction or the loss of correction at 6 and 12 months.
Looking at the results in relation to the hypothesis and the primary aims of the study, there is no statistical significant difference between the different levels of fixation. However, one can observe that 2/2 fixation results in better reduction of the fracture and maintenance of the correction.
Review of the Literature
The management of thoracolumbar fractures remains controversial. Posterior spinal instrumentation is the most frequent method of fixation due to the low morbidity and comorbidity. 15 Our results show that overall posterior fixation results in loss of correction over time. When there is no anterior support the injured intervertebral disc and the fractured vertebrae may collapse further and result in loss of the reduction by 7° to 9°. 16, 17 Curfs et al. investigated the relationship of posttraumatic kyphosis with the type of fracture and the location. They found that A3 fractures and T12-L1 location were at increased risk of developing kyphosis. In this series the most common fracture was type A3 and the most common location L1 and T12. 18 Although there was no statistical significance between the 3 different levels of fixation, the superiority of the 2/2 construct on fracture reduction and maintenance of correction can be because of the extra stiffness and strength it provides compared to the other constructs. 12 Tezeren et al. compared 2/2 vs. 1/ 1 fixations and found similar results; 2/2 fixations being superior at both reducing and controlling the fracture. The same conclusion was made by Waqar et al. in their series looking at long vs. short fixations. 12 On the contrary Sapkas et al. found that both long and short fixation reduce the fracture equally well but long fixation control it better in the long term. 19 Park et al. compared fixations of 1/1 vs. 2/1 and found no differences in fracture reduction and maintenance of the correction. They suggested that 1/1 fixations can be used successfully. 20 Similarly, Aono et al. studied 1/1 constructs and concluded that it can provide satisfactory reduction and maintenance of the correction. The neurological deficit they reported was 52% which was significantly higher that this study. 17 Li et al. investigated if insertion of screws at the fracture level would improve fracture reduction and maintenance of the correction. They reported that they achieved better reduction and less loss of the correction. 21 Okten et al. reported similar results in their series; they compared fixations that included one vertebra above and one below the fracture level. They found that a screw at the fracture level resulted in a greater fracture reduction but they did not report long term results. 15 These results are different than the data of this study. Both Waqar and Sapkas report higher incidence of metal work failure compared to this series. 12, 19 A systematic review by Phan et al. 22 concluded that there was a statistical difference between MIS and Open approach in length of hospital stay. This statistical significance was not observed in our cohort of patients, quite possibly as many of our patients were polytrauma patients.
The literature is highly controversial, with no clear guidance on the ideal treatment.
Limitations
Limitations of this study include the nonrandomized and retrospective design. The sample size was also small especially considering that there was comparison of three different groups. Furthermore a limitation that was observed in the literature and this study is that radiological evaluation of the fracture reduction and the maintenance of correction depends on the measurement of the Cobb angle. Whilst inter-observer and intra-observer variability of Cobbs angle measurement is high, we acknowledge that calculating a kappa coefficient would have lent greater validity to our measurements. Due to the fact that in this study as other studies in the literature there is no pre fracture data, the normal pre fracture values are not known. As a result the amount of reduction that will be sufficient as well as the loss of correction that will be abnormal are not known. This is especially important for surgical fixations, if we take into consideration Roussouly's theory on the functional segmentation of the spine where the inflexion point, which is defined as the point where the thoracic kyphosis turns into lumbar lordosis, does not always correspond to T12-L1. 23
Conclusion
The current literature does not specify a gold standard for the treatment of thoracolumbar fractures. The results of this study show better fracture reduction and maintenance of the correction in the 2/2 fixations compared to 2/1 and 1/1. However these results are not statistically significant in the long term.
Although the results of this study and the literature do not show any statistical significance towards a specific fixation or technique; the authors' view is that a trend can be observed in favor of longer instrumentations. Future multicenter prospective clinical trials are needed in order to agree on the ideal management and method of fixation for thoracolumbar fractures.
